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Abstract 

The azimuthal pattern of transverse energy flow in nuclear collisions at RHIC and LHC 
energies is considered. We show that the probability distribution of the event-by-event 
azimuthal disbalance in transverse energy flow is essentially sensitive to the presence of 
the semihard minijet component. 
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At the current level of understanding of the strong interaction physics, any attempt 
to give a quantitative description of the bulk of the events in high energy hadron and 
nuclear collisions necessarily invokes several dynamical sources of inelasticity (transverse 
energy production), see e.g. M. When materialized in the form of a Monte-Carlo event 
generator such as PYTHIA || or HIJING ||, the description of primordial production of 
partonic degrees of freedom, quarks and gluons, and of their subsequent conversion into 
observable hadrons is necessarily model-dependent. This refers in particular to specific 
assumptions made about the contribution of multiple parton collisions, description of the 
final state and especially initial state radiation, etc. At the same time the presence of 
new physics brought in by semihard degrees of freedom should manifest itself through rea- 
sonably well-defined changes in the inelasticity pattern that can (hopefully) be measured 
experimentally. Ideally the set of such specific measurements should allow to discriminate 
between various otherwise successful approaches (e.g. minijet physics vs. dual parton 
model). Extensive discussion of the relevance of semihard degrees of freedom (minijets) 
in explaining such features of high energy hadron collisions as the enhanced tails of the 
multiplicity distributions, multiplicity dependence of the mean transverse energy, etc. by 
exploiting a realistic Monte-Carlo event generator HIJING can be found in || and in the 
review ||]. 

One particular aspect, discussed in ||, is a p± dependence of the two-particle corre- 
lation function due to the semihard minijet contribution in pp collisions. The detailed 
analysis of the minijet contribution to the two-particle correlation function in heavy ion 
collisions will appear in the forthcoming publication ||. Below a related calorimetric 
measure of the specific event-by-event azimuthal correlations in the transverse energy 
flow due to minijet contribution will be discussed. The consideration closely follows the 
analysis performed in J7|, where a specific model of minijet dynamics based on leading 
twist collinearly factorized QCD was considered. The main goal of the present analy- 
sis is, by using the HIJING event generator, include the mechanisms beyond the simple 
picture of binary parton-parton collisions considered in |7| such as multiple parton col- 
lisions, initial and final state radiation accompanying these collisions, soft contributions 
to transverse energy due to hadronization, jet quenching in nuclear collisions, etc. Let 
us note, that accounting for these mechanisms is crucial for reproducing the transverse 
energy spectrum || 

In the context of ultrarelativistic heavy ion collisions the primordial system of semi- 
hard degrees of freedom (minijets) is setting a stage for subsequent (possibly collective) 
evolution ||. Different approaches are being used to study the properties of the ini- 
tial conditions in high energy nuclear collisions. The conceptually simplest one is based 
on accounting for lowest order perturbative contributions in collinearly factorized QCD, 
see e.g. the recent papers [IIJ and references therein. Another approach, based on the 



quasiclassical treatment of the gluon fields in the colliding nuclei, was considered in a 
number of publications |TTJ. A program of the non-perturbative analysis of primordial 
gluon distributions is being realized in refs. fl2"f . Finally, one can rely on the description 
of minijet effects as implemented in the realistic Monte-Carlo generators such as PYTHIA 
and HIJING, where effects of all orders in perturbation theory are (effectively) taken into 
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account. In particular, calculations with HIJING allow to study the effects due to the 
presence of semihard degrees of freedom at the early stages of high energy collision in a 
simple setting, where the only nontrivial effect distinguishing the nuclear collision from 
an incoherent superposition of nucleon-nucleon ones is jet quenching, i.e. energy losses 
experienced by partons traversing the surrounding debris created in nuclear collision. 

To quantify the event-by-event asymmetry of transverse energy flow, we consider, 
following |7j], the difference between the transverse energy deposited, in some rapidity 
window y m in < Hi < Umax, into two oppositely azimuthally oriented sectors with a specified 
angular opening 5<p each Q. 

For convenience one can think of the directions of these cones as being "up" and 
"down" corresponding to some specific choice of the orientation of the system of coor- 
dinates in the transverse plane. All results are, of course, insensitive to the particular 
choice. Denoting now the transverse energy going into the "upper" and "lower" cones in 
a given event by E]_(5ip) and E]_(S(p) correspondingly, we can quantify the magnitude of 
the asymmetry in transverse energy production in a given event by 

SE ± (5<f) = El{6<p)-Ei(6<p), (1) 

its statistical properties characterized by the corresponding probability distribution 

We have calculated this distribution in HIJING for central AuAu collisions at RHIC energy 
\/s = 200 GeV and central PbPb collisions at LHC energy y/s = 5.5 TeV for Sip = n. The 
distributions P(5E±\tc) have been calculated both at partonic level and at the level of 
final hadrons with semihard interactions and quenching on and off. This allowed us to 
study the contribution of HIJING minijets and of the effects of their hadronization to the 
asymmetry in question. The resulting distributions are plotted in Figs. |l] and ^ for RHIC 
and LHC energies respectively with quenching turned on and the value of the minijet's 
infrared cutoff p = 2 GeV . 

The numerical values of the mean square deviation 5E± characterizing the widths of 
the corresponding probability distributions in Figs. [I] and |2| are given in Table 1, where 
for completeness we also give the widths for the probability distributions with quenching 
turned off and with a larger value for the infrared cutoff po = 4 GeV 

2 Long-range correlations in the polar (rapidity) energy flow in heavy ion collisions were recently 
considered in Il3|. 
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Figure 1: Probability distribution for azimuthal transverse energy disbalance in the unit 
rapidity window for AuAu collisions at RHIC energy y/s = 200 GeV, p = 2 GeV, quench- 
ing on. 
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Figure 2: Probability distribution for azimuthal transverse energy disbalance in the unit 
rapidity window for PbPb collisions at LHC energy s/s = 5.5 TeV, p = 2 GeV, quenching 
on. 
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Table 1 



The main conclusions that can be drawn from Figs. [1] and |2] and Table 1 are the 
following. 

First, the magnitude of the azimuthal asymmetry as measured by the width of the 
probability distribution P( y 5E±\5<p) = dw(5E±(5(p)) /d5E±(5ip) is essentially sensitive to 
semihard interactions (minijets). Switching off minijets, and thus restricting oneself to 
purely soft mechanisms, leads to a substantial narrowing of the asymmetry distribution; 
by the factor of 2.3 at RHIC and by the factor 4.1 at LHC energy rspectively (these values 
correspond to the case of quenching being turned on). 

Second, quite remarcably, the parton and final (hadronic) distributions of 5Ej_ in 
both cases practically coincide indicating that the contribution to transverse energy due to 
hadronization of the initial parton system is, with a high accuracy, additive and symmetric 
in between the oppositely oriented cones. Both conclusions show that the energy-energy 
correlation in Eq. (|l|) is a sensitive measure of the primordial parton dynamics that can 
be studied in calorimetric measurements in central detectors at RHIC and LHC. 

Third, as expected, turning off quenching somewhat enhances the fluctuations. How- 
ever, as seen from the table, numerically the effect is not important. This shows once 
again that the proposed asymmetry is really essentially determined by the earliest stage 
of the collision, when the primordial parton flux is formed. 

Finally, from Table 1 we conclude that the studied asymmetry is not particularly 
sensitive to changing the value of the infrared cutoff po and thus provides a robust signal 
of the presence of semihard dynamics. 
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